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Description 

Technical Field 

[0001] The present invention relates to an exhaust 
gas purification device for an internal confibustion en- 
gine. 

Background Art 

[0002] The present applicant has already proposed 
an exhaust gas purification device for an internal conn- 
bustion engine, in which a NOx absorbent is disposed 
In an exhaust passage of an Internal combustion engine 
to absorb NOx (nitrogen oxide) in the exhaust gas when 
the exhaust gas flowing therein has a lean air-fuei ratio 
and to release the absorbed NOx when the oxygen con- 
centration in the exhaust gas flowing therein has de- 
creased, so that NOx in the exhaust gas is absorbed by 
the NOx absorbent while the engine Is operated at a lean 
air-fuel ratio (see International Unexamined Patent Pub- 
lication WO93-25806). The exhaust gas purification de- 
vice disclosed in this publication Is equipped with an es- 
timation means for estimating the amount of NOx ab- 
sorbed by the NOx absorbent in order to monitor the 
NOx holding amount in the NOx absorbent at al! times 
during operation. When the NOx holding amount reach- 
es a predetermined value, the oxygen concentration In 
the exhaust gas flowing into the NOx absorbent Is low- 
ered to release the absorbed NOx from the NOx absorb- 
ent and to purify the released NOx by reduction with re- 
ducing components such as unburned HC and CO in 
the exhaust gas (in this specification, the operation for 
releasing the absorbed NOx from the NOx absorisent 
and for purifying the NOx by reduction is called "a re- 
generating operation of the NOx absorbenr). According 
to the exhaust gas purification device taught in the 
above-mentioned publication, the regenerating opera- 
tion is executed every time the NOx holding amount of 
the NOx absorbent reaches a predeteonined value, so 
that the NOx holding amount of the NOx absorbent will 
not increase excessively and that the NOx absorbent 
will not be saturated with NOx which it has absorbed. 
[0003] When the regenerating operation of the NOx 
absorbent is executed every time when the NOx holding 
amount estimated during the operation of the engine 
has reached a predetermined value, however, there re- 
mains a probability in that unpurifled NOx is released 
from the NOx absorbent at the start of the engine. 
[0004] When the regenerating operation is executed 
every time when the NOx holding amount in the NOx 
absorbent has reached a predetermined value during 
the operation of the engine as done in the device taught 
in the above-mentioned publication, it may often happen 
that a considerable amount of NOx remains held by the 
NOx absorbent at the next start of the engine when, for 
example, the engine is stopped just before the NOx 
holding amount In the NOx absoriaent has reached the 
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predetermined value. 

[0005] At a cold start of an engine, in general, it is ac- 
cepted practice to effect the fuel increment forwanning- 
up or the fuel increment for start-up by supplying fuel in 
s an increased amount to the engine based on the engine 
temperature, so that the engine is operated at an air- 
fuel ratio (e.g., an air-fuel ratio of from about 1 2 to about 
14) which is more rich than a normal air-fuel ratio for a 
predetermined period of time after the start. The fuel in- 
10 crement decreases with a rise In the engine temperature 
and is canceled after the engine has been warnied up. 
That is, immediately after the start, the engine is oper- 
ated at a rich air-fue) ratio. As the engine is gradually 
warmed up, the air-fuel ratio approaches the stoichio- 
metric air-fuel ratio. After being warmed up, the engine 
operates at a lean air-fuel ratio based on the operating 
conditions. Therefore, the NOx absorbent is exposed to 
the exhaust gas of a rich air-fuel ratio due to an increase 
in the fuel supply at the start of the engine. 
[0006] In order for the NOx absorbent to exhibit its 
NOx absorbing and releasing action, the NOx absorbent 
must have been heated to a temperature In excess of 
an activating temperature (e.g., about 250''C) based on 
the kind of the NOx absoriDent. When the NOx absoriDent 
is at a low temperature, such as right after the start of 
the engine, therefore, no NOx is released from the NOx 
absorbent even when it is exposed to the exhaust gas 
having a rich air-fuel ratio. 

[0007] With the NOx Is absortsed In relatively large 

amounts by the NOx absorbent at the start of the engine, 
however, the absorbed NOx is released rapidly when 
the NOx absorbent is heated at a temperature in excess 
of the activating temperature after the start of the en- 
gine. As described above, the fuel increment after the 
start of the engine decreases with a rise in the engine 
temperature. When the temperature of the NOx absoris- 
ent has reached the activating temperature, therefore, 
the engine temperature has been raised corresponding- 
ly, and air-fuel ratio in the exhaust gas is not sufficiently 
rich. 

[0008] When the NOx is released rapidly from the 

NOx absorbent in this state, HC and CO necessary for 
reducing the NOx become in short supply on the NOx 
absortDent; I.e., the NOx that is released may often be 
released into the open air without being purified. 
[0009] Since the engine operati ng condition is not sta- 
ble until the engine Is wamned up after starting, when 
the* engine starts with NOx being absorbed in relatively 
large amounts by the NOx absorbent, NOx may often 
be released without being purified from the NOx absortD- 
ent due to a change in the operating conditions. Be- 
sides, the amount of the NOx that is released without 
being purified increases with an increase In the amount 
of NOx absorbed by the NOx absorbent. When the NOx 
absortDent having a large maximum NOx holding capac- 
ity (capable of occluding large amounts of NOx) is used, 
therefore, NOx is released in an Increased amount with- 
out being purified. 
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[001 0] Further, in the device for regenerating the NOx 
absorbent every time when the NOx holding amount in 
the NOx absorbent reaches a predetermined value 
while the engine is in operation as done by the device 
taught in the above-mentioned publication, the timing for 5 
executing the regenerating operation of the NOx ab- 
sorbent may become incon-ect if NOx remains absorbed 
by the NOx absorbent when the engine that has been 
warmed up is shifted to the lean air-fuel ratio operation, 
in addition to the above-mentioned problem. That Is, in io 
the device taught in the above-mentioned publication, 
the NOx holding amount in the NOx absorbent is mon- 
itored at all times, and the amount of NOx held by the 
NOx absorbent when the engine is halted is known. 
Therefore, If the NOx holding amount at the next stop of is 
the engine is stored in a nonvolatile memory or the like 
means, It will be possible to estimate the correct amount 
of NOx held by the NOx absorbent from the start of the 
engine based on the stored amount and, hence, to ex- 
ecute the regenerating operation at a correct timing. In 20 
practice, however, NOx may often be released from the 
NOx absorbent while the engine Is not in operation, and 
the NOx holding amount in the NOx absorbent at the 
start of the engine may often become different from the 
NOx holding amount of when the engine was halted in 25 
the previous time. Therefore, If the NOx holding amount 
after the start of the engine Is estimated based on the 
NOx holding amount of when the engine was halted in 
the previous time, a difference occurs between the ac- 
tual NOx holding amount and the estimated value, and 30 
the timing for the regenerating operation becomes In- 
correct, deteriorating the quality of the exhaust gas. 

Disclosure of the Invention 

35 

[0011] In view of the above-mentioned problems, the 
object of the present Invention Is to provide an exhaust 
gas purification device for an internal combustion en- 
gine, which releases nearly all of NOx absorbed by the 
NOx absorbent during the operation of the engine in the 40 
previous time and reduces NOx by reduction, In order 
to prevent deviation in the timing for releasing the unpu- 
rified NOx after the start and In the timing for executing 
the regenerating operation. 

[0012] According to the present invention, there is 45 
provided an exhaust gas purification device for an inter- 
nal combustion engine, comprising: 

a NOx absorbent, disposed In an exhaust passage 
of the Internal combustion engine, which absorbs so 
NOx in the exhaust gas when the air-fuel ratio of the 
exhaust gas flowing in is lean, and releases the ab- 
sorbed NOx and purifies It by reduction in a rich air- 
fuel ratio atmosphere; and 

a NOx-releasing means which, after the start of the ss 
engine, operates the engine at a predetermined rich 
air-fuel ratio detennined by increasing the amount 
of fuel supplied to the engine, so that NOx absorbed 



by said NOx absorbent is released and is purified 
by reduction until the engine Is first operated at a 
lean air-fuel ratio after the engine is started. 

[0013] That is, according to the present invention, the 
regenerating operation of the NOx absorbent Is execut- 
ed at a predetermined rich air-fuel ratio after the start of 
the engine until the engine is first operated at a lean air- 
fuel ratio. The rich air-fuel ratio is the one which is dif- 
ferent from an ordinary air-fuel ratio at the start of the 
engine, and with which the whole amount of NOx that is 
released can be purified by reduction even when the 
NOx is released In relatively large amounts from the 
NOx absorbent. Therefore, nearly the whole amount of 
the NOx absorbed by the absorbent is released from the 
NOx absorbent and is purified by reduction before the 
engine is operated at a lean air-fuel ratio, making it pos- 
sible to prevent unpurlfled NOx from being released at 
the start of the engine. Irrespective of the absoriaed 
amount of NOx of when the engine was last stopped, 
further, almost no NOx has been absorbed by the NOx 
absori^ent at the time when the engine assumes the lean 
air-fuel ratio operation. This makes it possible to correct- 
ly estimate the amount of NOx absorbed by the NOx 
absoriDent during the operation and, hence, to correctly 
operate the timing for the regenerating operation. 
[0014] As described above, the amount of NOx ab- 
sorbed and held by the NOx absorbent is decreased (or, 
preferably, decreased to almost zero) after the start of 
the engine until the engine assumes the lean air-fuel ra- 
tio operation. At the time when the engine first assumes 
the lean air-fuel ratio operation after the engine is start- 
ed, therefore, the NOx holding capacity of the NOx ab- 
sorbent can be increased nearly up to its maximum limit. 
When use is made of the NOx absorbent having a max- 
imum NOx holding capacity (maximum amount of NOx 
that can be occluded) to absoriD and hold, as much as 
possible, the whole amount of NOx produced during the 
operation of the engine, therefore, the regenerating op- 
eration is no longer required during the ordinary lean air- 
fuel ratio operation of the engine. The regenerating op- 
eration may be executed only after the start of the en- 
gine. 

Brief Description of the Drawings 
[0015] 

Fig. 1 is a diagram schematically Illustrating the 
constitution of an embodiment of when the present 
invention is applied to an Internal combustion en- 
gine for automobiles; 

Fig. 2 Is a diagram Illustrating the fomi of a map 
used for calculation the amount of fuel injection for 
the engine of Fig. 1 ; 

Fig. 3 is a diagram illustrating a change in the prop- 
erties of the exhaust gas based on the air-fuel ratio; 
Figs. 4A and 4B are diagrams illustrating the action 
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of the NOx absorbent for releasing NOx; 
Fig. 5 is a diagram illustrating how to set the air-fuel 
ratio at the time of executing the regenerating op- 
eration of the NOx absorbent; 
Fig. 6 is a diagram illustrating a change in the 
amount of NOx generated by the engine per a unit 
time based on the engine load conditions; 
Fig. 7 is a flow chart illustrating the operation for es- 
timating the amount of NOx absorbed by the NOx 
absorbent; 

Fig. 8 is a flow chart illustrating an embodiment of 
the regenerating operation of the NOx absorbent; 
Fig. 9 is a. diagram illustrating a change in the fuel 
increment during wanning-up after the cold start of 
the engine; 

Fig. 10 is a diagram illustrating a change in the fuel 
increment for the regenerating operation of the NOx 
absorbent during the warming-up of the engine; 
Fig. 11 is a flow chart illustrating the regenerating 
operation of the NOx absorbent during the wann- 
ing-up of the engine; and 

Fig. 12 is a chart for setting a correction factor for 
the amount of fuel injection based on the operating 
conditions of the engine. 

Best Mode for Carrying Out the Invention 

[0016] An embodiment of the present invention will 
now be described with reference to the accompanying 
drawings. 

(1) First Embodiment. 

[0017] Fig. 1 is a diagram schematically illustrating 
the constitution of an embodiment in which the exhaust 
gas purification device of the invention is applied to an 
internal combustion engine for automobiles. 
[0018] In Fig. 1, reference numeral 1 denotes an en- 
gine body, 2 denotes a piston, 3 denotes a combustion 
chamber, 4 denotes a spark plug, 5 denotes an intake 
valve, 6 denotes an intake port, 7 denotes an exhaust 
valve, and 8 denotes an exhaust port. The intake port 6 
Is coupled to a surge tank 10 through a corresponding 
branch pipe 9. Each branch pipe 9 is provided with a 
fuel injection valve 11 for injecting fuel into each intake 
port 6. The surge tank 1 0 is coupled to an air cleaner 
through an intake duct 1 2 and an air flow meter 1 3, and 
a throttle valve 1 5 is disposed in the Intake duct 1 2. The 
exhaust port 8 is connected to a casing 1 9 containing a 
NOx absorbent 18 through an exhaust manifold 16 and 
an exhaust pipe 1 7. An upstream-side exhaust gas com- 
ponent sensor 24 is provided in the exhaust pipe 1 7 on 
the upstream side of the NOx absorbent 1 8 to detect the 
concentration of a particular component in the exhaust 
gas. A downstream-side exhaust gas component sen- 
sor 25 for detecting the concentration of a particular 
component in the exhaust gas and an exhaust gas tem- 
perature sensor 26 for detecting the temperature of the 
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exhaust gas, are provided In the discharge pipe 17 on 
the downstream side of the NOx absorbent 18. As the 
exhaust gas component sensors 24 and 25, there can 
be used an oxygen concentration sensor for detecting 
5 the oxygen concentration in the exhaust gas, an HC 
sensor for detecting HC and CO concentrations in the 
exhaust gas. and a NOx sensor for detecting the con- 
centration of NOx in the exhaust gas. 
[001 9] A control circuit 30 comprises a digital compu- 
10 ter which includes a ROM (read-only memory) 32, a 
RAM (random access memory) 33, a CPU (microproc- 
essor) 34, an input port 35, an output port 36, and a 
back-up RAM 29 that are connected to each other 
through a bidirectional bus 31. The back-up RAM 29 Is 
IS a memory capable of holding Its contents even when the 
main switch of the engine directly connected to a battery 
(not shown) is turned off. The air flow meter 1 3 produces 
an output voltage proportional to an intake air amount, 
which is input to the input port 35 through an AD con- 
20 verter 37 with a multiplexer. To the input port 35 is further 
connected a rotational speed sensor 23 which gener- 
ates output pulses representing the rotational speed of 
the engine. To the Input port 35 are further connected 
outputs from the exhaust gas temperature sensor 26, 
25 from the upstream-side and downstream-side exhaust 
gas component sensors 24 and 25, and a signal repre- 
senting the temperature of the engine cooling water 
from the cooling water temperature sensor 27 provided 
in the engine cylinder jacket, all through the AD convert- 
30 er 37. The output port 36 is connected to the spark plug 
4 and to the fuel injection valveMi through an ignition 
circuit 38 and a drive circuit 39, respectively. 
[0020] In the internal combustion engine shown in Fig. 
1 , the fuel injection time TAU Is calculated based on, for 
35 example, the following fonnula after the engine has 
been warmed up, 

TAU = TP X Kt 

40 

where TP is a basic fuel injection time, and Kt is a cor- 
rection factor. 

[0021 ] The basic fuel injection time TP is a fuel injec- 
tion time necessary for setting the air-fuel ratio of the 
naixture supplied into the engine cylinders to be the sto- 
ichiometric air-fuel ratio. The basic fuel injection time TP 
has been determined in advance through experiment, 
and has been stored in the ROM 32 in the form of a map 
shown in Fig. 2 using the engine load Q/N (intake air 

50 amount Q/rotational speed N of the engine) and the en- 
gine rotational speed N as parameters. The correction 
coefficient Kt is one for controlling the air-fuel ratio of 
the mixture supplied into the engine cylinders. When Kt 
= 1 , the mixture supplied into the engine cylinders ac- 

55 quires the stoichiometric air-fuel ratio. When Kt < 1.0, 
on the other hand, the air-fuel ratio of the mixture sup- 
plied into the engine cylinder becomes larger than the 
stoichiometric air-fuel ratio, i.e., becomes lean. When 
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Kt > 1 .0, the air-fuel ratio of the mixture supplied into the 
engine cylinders becomes smaller than the stoichiomet- 
ric air-fuel ratio, i.e., becomes rich. 
[0022] In the internal combustion engine shown in Fig. 
1 , the correction factor is usually maintained at, for ex- 
ample. Kt = 0.7, and the mixture supplied into the engine 
cylinders has a lean air-fuel ratio to bum a lean mixture 
in the cylinders. 

[0023] Fig. 3 schematically illustrates the concentra- 
tions of representative components in the exhaust gas 
emitted from the combustion chamber 3. As will be un- 
derstood from Fig. 3, the concentrations of unburned HC 
and CO in the exhaust gas emitted from the combustion 
chamber 3 increase as the air-fuel ratio of the mixture 
supplied into the combustion chamber 3 becomes rich, 
and the concentration of oxygen Og in the exhaust gas 
emitted from the combustion chamber 3 increases as 
the air-fuel ratio of the mixture supplied into the com- 
bustion chamber 3 becomes lean. 
[0024] The NOx absorbent 1 8 contained in the casing 
1 9 uses, for example; alumina as a carrier. On thecarrier 
are earned at least one element selected from alkali 
metals such as potassium K, sodium Na, lithium Li and 
cesium Cs, or rare earth elements such as lanthanum 
La and yttrium Y, as well as a noble metal such as plat- 
inum Pt or rhodium Rh. If the ratio of air to fuel supplied 
to the engine intake passage and to the exhaust pas- 
sage on the upstream side of the NOx absorbent 1 8, is 
referred to as the air-fuel ratio of the exhaust gas flowing 
into the NOx absorbent 1 8, the NOx absorbent 1 8, when 
heated higher than its activating temperature, exhibits 
the NOx absorbing and releasing action to absorb NOx 
when the exhaust gas flowing in has a lean air-fuel ratio 
and to release the absorbed NOx when the oxygen con- 
centration decreases In the exhaust gas flowing in. 
When neither fuel nor air is supplied to the exhaust pas- 
sage on the upstream side of the NOx absorbent 1 8, the 
air-fuel ratio of the exhaust gas flowing in is in agree- 
ment with the air-fuel ratio of the mixture supplied to the 
combustion chamber 3. In this case, therefore, the NOx 
absorbent 18 absorbs the NOx when the mixture sup- 
plied into the combustion chambers has a lean air-fuel 
ratio, and releases the absorbed NOx when the oxygen 
concentration decreases in the mixture supplied Into the 
combustion chamber 3. 

[0025] The above-mentioned NOx absorbent 18 that 
is disposed in the engine exhaust passage executes the 
NOx absorbing and releasing action. Though the mech- 
anism of the absorbing and releasing action has not 
been clarified in detail yet, it is considered that this ac- 
tion is based on a mechanism schematically illustrated 
in Fig. 4. This mechanism will now be described with 
reference to the case where platinum Pt and barium Ba 
are carried on the carrier. The same mechanism, how- 
ever, is established even when other noble metals, alkali 
metals, alkaline earths or rare earths are carried. 
[0026] That is, as the exhaust gas flowing in becomes 
considerably lean, the oxygen concentration greatly in- 
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creases in the exhaust gas that flows in, whereby oxy- 
gen Og adheres in the fonn of Og* or O^- on the surface 
of platinum Pt as shown in Fig. 4{A). NO in the exhaust 
gas flowing in reacts with Og* or O^- on the surface of 
5 platinum Pt to form NOg 

(2N0 + 02^ 2NO2). 

10 Then, part of NO2 that is formed is oxidized on platinum 
Pt, absorbed by the absorbent, bonds to barium oxide 
BaO, and diffuses In the absortsent in the form of nitric 
acid ions N03' as shown In Fig. 4(A). Thus, NOx Is ab- 
soriDed by the NOx absorbent 18. 
'5 [0027] So far as the oxygen concentration Is high in 
the exhaust gas flowing in, NO2 is fonmed on the surface 
of platinum Pt. So far as the NOx absorbing capacity of 
the absorbent is not saturated, NO2 is absorbed by the 
absorbent to form nitric acid ions N03-. On the other 
hand, when the oxygen concentration decreases in the 
exhaust gas flowing in and N02 is fonmed in a decreased 
amount, the reaction proceeds In the reverse direction 

(NOg- ^ NO2). 

and nitric acid ions NO3* in the absorbent are released 
therefrom in the form of NO2. That is, when the oxygen 
concentration decreases in the exhaust gas flowing In, 
NOx is released from the NOx absorbent 18. As the de- 
gree of leanness decreases in the exhaust gas flowing 
in as shown in Fig. 3, the oxygen concentration decreas- 
es in the exhaust gas flowing in. Upon decreasing the 
degree of leanness In the exhaust gas flowing in, there- 
fore, the NOx can be released from the NOx absortaent 
1 8 even when the exhaust gas flowing In has a lean air- 
fuel ratio. 

[0028] At this moment, if the air-fuel ratio of the ex- 
haust gas flowing in is rendered to be rich , unburned HC 
and CO are emitted in large amounts from the engine 
as shown in Fig. 3. These unbumed HC and CO react 
with oxygen 02" orO^- on platinum Pt and are oxidized. 
Further, If the air-fuel ratio of the exhaust gas flowing is 
rendered to be rich, the oxygen concentration decreas- 
es to a considerable degree in the exhaust gas flowing 
In, whereby NO2 Is released from the absorbent and Is 
reduced upon reacting with unburned HC and CO as 
shown in Fig. 4(B). Thus, as NO2 no longer exists on 
the surface of platinum Pt, NO2 is successively released 
from the absorbent. Upon rendering the air-fuel ratio of 
the exhaust gas flowing in to be rich, therefore, NOx is 
released from the NOx absorbent 18 within short peri- 
ods of time. 

[0029] That is, when the air-fuel ratio of the exhaust 
gas flowing in is rendered to be rich, first, the unburned 
HC and CO readily react with O2* or O^* on platinum Pt 
and are oxidized, if the unburned HO and CO still remain 
even after Og' or O^- on platinum Pt is consumed, then, 
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NOx released from the absorbent and NOx emitted from 
the engine are reduced with unbumed HC and CO. 
[0030] In the internal combustion engine shown in Fig. 
1 as described above, the mixture supplied into the en- 
gine cylinders is usually maintained lean (e.g., Kt = 0.7), 
and NOx generated is absorbed by the NOx absorbent 
1 8. As the NOx absorbent 1 8 continues to absorb NOx, 
however, the amount of NOx absorbed by the NOx ab- 
sorbent 18 increases, and the NOx absorbing capacity 
gradually decreases. As the NOx absorbent 1 8 absorbs 
the NOx up to its maximum NOx holding capacity (sat- 
uration amount), further, the NOx absorbent 18 be- 
comes no longer capable of absorbing NOx in the ex- 
haust gas, and NOx emitted by the engine is directly re- 
leased to the open air. 

[0031] In this embodiment, therefore, the amount of 
NOx absorbed by the NOx absorbent 18 is estimated. 
When the absorbed amount of NOx that is estimated 
reaches a predetermined amount (e.g., from about 70 
to about 80% of the saturation amount of the NOx ab- 
sorbent 18), the mixture supplied into the engine cylin- 
ders is rendered to be rich (Kt = KK > 1.0) for only a 
predetennined period of time CTq, so that NOx that is 
absorbed is released from the NOx absorbent 1 8 and is 
purified by reduction with HC and CO components in the 
exhaust gas. In this embodiment, in other worlds, the re- 
generating operation of the NOx absorbent 18 is exe- 
cuted every time when the amount of NOx absorbed by 
the NOx absorbent 1 8 has reached a predetermined val- 
ue. 

[0032] Next, described below is a method of estimat- 
ing the amount of NOx absorbed by the NOx absorbent 
18 according to this embodiment. 
[0033] The amount of NOx emitted from the engine 
varies based on the engine load conditions (e.g., intake 
air amount Q/N per a revolution of the engine and the 
rotational speed N of the engine). On the other hand, 
the amount of NOx absorbed by the NOx absorbent in- 
creases based on the amount of NOx emitted from the 
engine. By integrating the amounts of NOx emitted from 
the engine, therefore, the amount of NOx absorbed by 
the NOx absorbent can be correctly estimated. In this 
embodiment, therefore, the amount of NOx generated 
by the engine per a unit time is multiplied by a predeter- 
mined factor, and is integrated at a regular interval dur- 
ing the operation of the engine, and the amount of NOx 
absorbed by the NOx absorbent is judged by using the 
Integrated value (NOx counter CR), 
[0034] Fig. 6 is a diagram illustrating a change in the 
amount of NOx generated by the engine per a unit time 
based on the engine load conditions. In Fig, 6, the ordi- 
nate represents the intake air amount Q/N per a revolu- 
tion of the engine 1 , and the abscissa represents the 
rotational speed of the engine. As shown in Fig. 6, the 
amount of NOx generated by the engine per a unit time 
increases with an increase in the rotational speed N of 
the engine when Q/N remains the same, or increases 
with an increase in Q/N when the rotational speed N re- 



mains the same. In this embodiment, the amounts of 
NOx generated per a unit time shown in Fig. Shave been 
stored In advance in the ROM 32 in the control circuit 
30 in the form of a table of numerical values similar to 

s that of Fig. 2 by using Q/N and N, and the values Q/N 
and N are read out at a regular interval, and the gener- 
ated amount of NOx is read out from the numerical value 
table by using the values Q/N and N and is used for es- 
timating the amount of NOx absorbed by the NOx ab- 

10 soriDentia. 

[0035] Fig. 7 is a flow chart Illustrating the operation 
for estimating the amount of NOx absorbed by the NOx 
absorbent 1 8 according to the embodiment. This routine 
is executed by the control circuit 30 at predetermined 

15 _ intervals. 

[0036] As the routine starts in Fig. 7, the engine rota- 
tional speed N and the intake air amount Q are read from 
the sensors 23 and 1 3 at step 701 . At step 703, the in- 
take air amount Q/N per a revolution of the engine is 

20 calculated from the values N and Q that are read. Then, 
by using the values Q/N and N, the amount of NOx 
(KNOx) generated per a unit time Is calculated using the 
numerical value table representing the amount of NOx 
generated by the engine per a unit time (Fig. 6) stored 

25 in the ROM 32. At step 705. the value KNOx is integrated 
to find a value of a NOx holding amount counter CR, 
and the routine ends. 

[0037] In this embodiment, the value of the NOx hold- 
ing amount counter CR Is calculated based on the 

30 amount of NOx generated by the engine per a unit time. 
Here, however, it is considered that the amount of NOx 
absorbed by the NOx absorbent 1 8 increases in propor- 
tion to the time In which the engine Is operated at a lean 
air-fuel ratio. It is therefore also possible to easily set 

35 the value of the counter CR by counting up the value of 
the counter CR by a predetennined amount at a prede- 
termined interval while the engine Is in operation at a 
lean air-fuel ratio. 

[0038] Fig. 8 is a flow chart illustrating the regenera- 
te tion operation of the NOx absorbent according to the 
embodiment. This routine is executed by the control cir- 
cuit 30 of Fig. 1 at predetermined intervals. 
[0039] As the routine starts in Fig. 8, it is Judged at 
step 801 whether the regenerating operation of the NOx 
45 absorbent 1 8 be executed, i.e. , whether the value of the 
NOx holding amount counter CR is greater than a pre- 
detemilned value CRq. In this embodiment, the value 
CRq is set to be from about 70 to about 80% of a max- 
imum value KMAX which is the NOx saturation amount 
50 of the NOx absorbent, as will be described below. 
[0040] When CR < CRq at step 801 , NOx has been 
absorbed in small amounts by the NOx absorbent 18, 
and there is no need of executing the regenerating op- 
eration. At step 803, therefore, the value of the regen- 
55 erating operation flag XF is set to 0 and the routine pro- 
ceeds to step 811 where the present value of the NOx 
holding amount counter CR is stored in the back-up 
RAM 29 to end the routine. Thus, the latest absorbed 
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amount of NOx is stored in the back-up RAM 29. When 
the value of the flag XF is set to 0, in the routine for cal- 
culating the amount of fuel injection which is separately 
executed, the correction factor Kt is set to 0.7, and the 
engine operates at a lean air-fuel ratio. Therefore, the s 
NOx absorbent 1 8 continues to absorb NOx. When OR 
s CRq at step 801 , on the other hand, NOx has been 
absorbed in an increased amount by the NOx absorbent 
1 8 and the regenerating operation must be executed. 
Therefore, the routine proceeds to step 805 where the io 
regenerating operation flag XF is set to a value 1 . When 
the value of the flag XF is set to 1 , in the routine sepa- 
rately executed for operating the amount of fuel Injection 
the con-ection factor Kt is set to KK. The value KK is 
larger than 1 .0. In this embodiment, the value KK is set is 
to a value of about 1 .04. When the correction factor Kt 
is set to KK at step 805, therefore, the engine Is operated 
at a rich air-fuel ratio, and the exhaust gas having a rich 
air-fuel ratio flows into the NOx absorbent 1 8. Therefore, 
the absorbed NOx is released from the NOx absorbent 20 
1 8 and Is purified by reduction with HO and CO compo- 
nents in the exhaust gas. 

[0041 ] Steps 807 to 809 represent operations for end- 
ing the regenerating operation. In this embodiment, the 
regenerating operation of the NOx absorbent 18 ends 25 
after the passage of a predetermined period of time. 
That is, at step 807, a counter CT counts up. When the 
value of the counter CT reaches a predetennlned value 
CTq, I.e., when the regenerating operation is executed 
for a predetermined period of time (CT ^ cTq at step 3o 
808), the values of the counters CR and CT are cleared. 
When the routine is executed next time, therefore, step 
803 is executed after step 801 , and the value of the re- 
generating operation flag XF is set to 0. In the routine 
separately executed for calculating the amount of fuel 3s 
injection, therefore, the correction factor Kt Is set to 0.7 
again and the engine operates at a lean air-fuel ratio. 
After steps 808 and 809 have been executed, the 
present value CR of the NOx holding amount counter is 
stored in the back-up RAM 29 at step 811 to end the 40 
routine. 

[0042] The counter value CTq is a regenerating time 
long enough for releasing the whole amount of NOx from 
the NOx absorbent when NOx has been held in an 
amount corresponding to the value CRq of the NOx hold- 45 
ing amount counter. The value CTq varies based on the. 
kind and capacity of the NOx absorbent and is, prefer- 
ably, determined based on a practical experiment using 
the NOx absorbent. 

[0043] When the engine is in operation as described so 
above, the regenerating operation is executed every 
time when the amount of NOx absorbed by the NOx ab- 
soriDent 18 increases to a predetemiined value. There- 
fore, unpurified NOx is not released from the NOx ab- 
sortDent 1 8. When the regenerating operation of the NOx 55 
absorbent 1 8 is executed every time when the absorbed 
amount of NOx has reached the predetennined value 
CRq (e.g., about 70 to 80% of a maximum value KMAX 



of the NOx saturation amount) during the operation of 
the engine, however, NOx remains absoriDed by the 
NOx absorbent in an amount corresponding to CRq at 
the greatest if the engine is stopped just before the ab- 
sori3ed amount reaches CRq. 
[0044] In the engine of this embodiment, the fuel in- 
jection is not controlled using the above-mentioned cor- 
rection factor Kt but, instead, the fuel injection TAU is 
detemfiined by the following formula from the start of the 
engine until the engine Is warmed up, i.e., 

TAU = TP X FWL X FASE 

where TP is the above-mentioned basic fuel Injec- 
tion time, FWL is a fuel increment correction factor for 
warming-up, and FASE Is a fuel Increment con-ection 
factor after engine start. 

[0045] The fuel increment correction factor FWL for 
warming-up is a factor for increasing the amount of fuel 
for preventing the combustion from losing stability that 
results from a poor atomization of fuel when the temper- 
ature of the engine is low, and assumes a value FWL ^ 
1 .0. The factor FWL is determined based on the tem- 
perature of the engine (cooling water temperature) and 
is set to be a smaller value with an increase in the tem- 
perature of the engine, and is set to 1 .0 after the engine 
has been wanned up (e.g., after the cooling water tem- 
perature has reached about 80**C). 
[0046] The fuel increment correction factor after en- 
gine start FASE is a fuel increment for wetting the wall 
surface of the Intake port with fuel at the start of the en- 
gine, and assumes a value FASE ^1 .0. That is, at the 
start of the engine, the intake port of the cylinder is dry. 
Therefore, an increased proportion of fuel that is inject- 
ed adheres to the wall surface, and a decreased amount 
■ of fuel actually reaches the combustion chamber in the 
cylinder. The fuel increment correction factor after en- 
gine start FASE is a factor for increasing the amount of 
fuel by an amount that adheres on the wall surface, let- 
ting a required amount of fuel reach the cylinder. After 
the wall surface is sufficiently wet (after fuel has adhered 
on the wall surface in an amount corresponding to the 
operation condition), the fuel increment correction factor 
FASE is set to 1 .0. The correction factor FASE is set to 
a value (Initial value) corresponding to the temperature 
of the cooling water at the start of the engine, and is then 
decreased after every predetermined number of times 
of fuel injection until 1.0 is reached. 
[0047] Fig. 9 is a diagram illustrating a change in the 
fuel injection amount TAU after the cold start of the en- 
gine with the passage of time. Immediately after the cold 
start of the engine as shown in Fig. 9, the factors FWL 
and FASE have been set to values larger than 1.0. 
Therefore, the fuel injection amount TAU assumes a val- 
ue larger than TP, and the engine air-fuel ratio becomes 
rich (e.g., an air-fuel ratio of about 1 .2). Here, however, 
the fuel increment correction factor after engine start 
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FASE decreases with the passage of time after the start, 
and the fuel increment correction factor for wanning up 
FWL decreases with a rise in the cooling water temper- 
ature. Therefore, the fuel injection amount gradually de- 
creases and converges to the basic fuel injection 
amount TP after the engine has been warmed up. Ac- 
companying thereto, therefore, the engine air-fuel ratio 
rises from a rich air-fuel ratio of about 1 .2 up to the sto- 
ichiometric air-fuel ratio. 

[0048] At the start of the engine as described above, 
the engine air-fuel ratio gradually changes from a rich 
air-fuel ratio to the stoichiometric air-fuel ratio. There- 
fore, the air-fuel ratio of the exhaust gas passing through 
the NOx absorbent 18 gradually changes from the rich 
air-fuel ratio to the stoichiometric air-fuel ratio. In this 
embodiment as described above, however, NOx may 
have often been held by the NOx absorbent 18 In an 
amount corresponding to the counter value CRO at the 
greatest at the start of the engine, when the engine is 
started in a state where NOx is held by the NOx absorb- 
ent 1 8 as described above, NOx is released rapidly from 
the NOx absorbent at a moment when the temperature 
of the NOx absorbent is raised to arrive at its activating 
temperature. In this case, NOx that is released is all re- 
duced on the NOx absorbent provided the engine air- 
fuel ratio is considerably rich (e.g., air-fuel ratio of about 
1 2) at the time when NOx is released from the NOx ab- 
sorbent. However, when the engine air-fuel ratio has 
been increased up to near the stoichiometric air-fuel ra- 
tio at a moment when NOx is released, i.e., at a moment 
when the NOx absorbent is heated to its activation tem- 
perature, the HC and CO components are in short sup- 
ply in the exhaust gas, and NOx that is released is not 
all reduced. 

[0049] Depending on the timing at which the NOx ab- 
sorbent 18 is heated up to Its activating temperature, 
therefore, the unpurified NOx is released into the open 

air. 

[0050] Besides, the time required for regenerating the 
NOx absorbent is shortened as the air-fuel ratio be- 
comes rich. Therefore, if the NOx absorbent 1 8 is heat- 
ed up to its activating temperature after the engine air- 
fuel ratio has approached near the stoichiometric air- 
fuel ratio, NOx is not all released from the NOx absorb- 
ent 18 before the engine is warmed up; i.e., the engine 
is often shifted to the operation at a lean air-fuel ratio in 
a state where the absorbed NOx stilt remains in the NOx 
absorbent. In this case, it becomes difficult to estimate 
the amount of NOx remaining in the NOx absorbent 1 8, 
and the value of the NOx holding amount counter devi- 
ates from the actually absorbed amount of NOx, making 
it difficult to correctly judge the timing for executing the 
regenerating operation of Fig. 8. 
[0051] In orderto solve the above-mentioned problem 
in this embodiment, NOx absorbed by the NOx absorb- 
ent 1 8 is all released and is purified by reduction before 
the engine is warmed up. That is, In this embodiment, 
the fact that the NOx absorbent Is heated up to its acti- 



vating temperature is detected by a method that will be 
described later while the engine is being warmed up, the 
increment of fuel based on the above-mentioned fuel in- 
crement correction factor for wamriing-up FWL and the 
5 fuel Increment correction factor after engine start FASE, 
is canceled from a moment at which the activating tem- 
. perature is reached, and the amount of fuel injection to 
the engine is calculated according to the following for- 
mula, 

10 

TAU = TPxFNOX 

where FNOX is a fuel increment factor for regen- 
ts erating the NOx absorbent, and is set to a value large 
enough for purifying by reduction the whole amount of 
NOx released from the NOx absorbent with the holding 
amount con-esponding to the value CRq of the counter 
when it heated up to its activating temperature, i.e., set 
20 to such a value that the engine air-fuel ratio acquires a 
rich air-fuel ratio of about 1 2. 
[0052] In this embodiment, the fuel Is Increased by 
FNOX for regenerating the NOx absorbent until NOx is 
almost all released from the NOx absorbent. When the 
25 amount of NOx absorbed by the NOx absorbent be- 
comes neariy 0, the ordinary fuel incrementforwarming- 
up is resumed (fuel increment based on the fuel incre- 
ment correction factor for wamriing-up FWL and fuel in- 
crement correction factor after engine start FASE), 
30 [0053] Fig. 1 0 is a diagram similar to Fig. 9 and illus- 
trates a change in the amount of fuel injection after the 
cold start of the engine with the passage of time in the 
above-mentioned case. In this embodiment as shown in 
Fig. 1 0, the fuel is increased in the same manner as in 
35 Fig. 9 after the start of the engine until the NOx absorb- 
ent is heated up to its activating temperature (section I 
in Fig. 10). When the NOx absorbent is heated up to its 
activating temperature, however, the amount of fuel in- 
jection is increased to a predetermined value (TAU = TP 
40 X FNOX) so that the NOx absorbent is regenerated in a 
sufficiently rich air-fuel ratio atmosphere (section II in 
Fig. 10). When the NOx is almost all released from the 
. NOx absorbent and is purified by reduction, the fuel is 
increased again in the same manner as in Fig. 9 (section 
45 111 in Fig. 10). 

[0054] Thus, while the engine is being wanned up, the 
NOx absorbent Is regenerated at a rich air-fuel ratio after 
the NOx absorbent is heated up to its activating temper- 
ature, and no unpurified NOx is released from the NOx 
50 absortDent while the engine is being wamied up. When 
the lean air-fuel ratio operation is assumed after the en- 
gine has been wanned up, almost no NOx has been ab- 
sorbed by the NOx absorbent and, hence, the initial val- 
ue of the NOx holding amount counter OR is set to 0, 
55 making it possible to correctly estimate the amount of 
NOx absori3ed by the NOx absorbent during the opera- 
tion. 

[0055] Fig. 11 is a flow chart illustrating the regener- 
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ating operation of the NOx absorbent at the start of the 
engine according to the embodiment. This operation is 
executed by the control circuit 30 at predetennined in- 
tervals. 

[0056] When the routine starts In Fig. 11 , it is judged 
at step 1101 whether the engine has been warmed up. 
In this embodiment, whether the engine has been 
wamrjed up is judged based upon whether the temper- 
ature of the engine cooling water has been raised in ex- 
cess of a predetermined value (e.g., SCC). 
[0057] When the engine has been warmed up (the 
temperature of the cooling water is higher than the pre- 
determined value) at step 1101, the routine proceeds to 
step 1103 where the amount of fuel is set to the value 
after the engine has been warmed up, and the fuel in- 
jection TAU is calculated as TAU = TP x Kt. When the 
engine has not been warmed up at step 1101, it Is judged 
at step 1105 whether the NOx absorbent 18 has been 
heated up to its activating temperature. Judgement of 
whether the temperature of the NOx absorbent has 
reached the activating temperature at step 1 1 05, will be 
described later. 

[0058] When the activating temperature of the NOx 
absorbent 1 8 has been reached at step 1 1 05, it Is then 
judged at step 1 1 07 whether NOx has all been released 
from the NOx absorbent 18. Judgement of whether the 
releasing of NOx has completed from the NOx absorb- 
ent 1 8 will be described later. 
[0059] When the NOx absorbent 1 8 has not yet been 
heated up to its activating temperature at step 1 1 05 and 
when the releasing of NOx from the NOx absorbent has 
not yet been completed at step 1 1 07, the amount of fuel 
injection TAU at step 1 1 09 is set as TAU = TP x FNOX 
and the engine is operated at a predetermined suffi- 
ciently rich air-fuel ratio, so that NOx is released .from 
the NOx absorbent and is purified by reduction. Thus, 
NOx released from the NOx absorbent Is all purified by 
reduction, and no unpurified NOx is released into the 
open air while the engine Is being warmed up. 
[0060] When the activating temperature of the NOx 
absorbent 18 has not yet been reached at step 1105, 
and when NOx has almost all been released from the 
NOx absorbent and has been purified by reduction at 
step 1107, then, steps 1111 to 1115 are executed, and 
the fuel injection amount is set as when the engine is 
being nomnally wamied up as explained with reference 
to Fig. 9. That is, at step 1111 , the fuel Increment cor- 
rection factor for warming-up FWL is set based on the 
cooling water temperature and at step 11 1 3, the fuel in- 
crement correction factor after engine start FASE is set 
from an initial value detennined by the cooling water 
temperature and the number of times of fuel injection 
after the start. At step 1115, further, the fuel Injection 
amount TAU during the wannlng-up is operated as TAU 
= TP X FWL X FASE. 

[0061] Next, described below is a method of judging 
whether the NOx absorbent has been heated up to its 
activating temperature, that Is executed at step 1105. 



[0062] Whether the temperature of the NOx absorb- 
ent 18 has reached its activating temperature can also 
be judged by, for example, disposing a temperature sen- 
sor on the NOx absorbent 1 8 to directly detect the tem- 
s perature of the NOx absorbent. It is further possible to 
render the judgement based on one of the following 
methods. 

® Judging method based on the cooling water 
10 temperature. 

(D Judging method based on the exhaust gas tem- 
perature, 

(3) Judging method based on the integrated value 
of the quantity of heat of the exhaust gas passing 
IS through the NOx absorbent. 

0 Judging method based on the concentrations of 
particular components in the exhaust gas at the inlet 
and outlet of the NOx absorbent. These methods 
will now be described. 

20 

0 Judging method based on the cooling water 
temperature. 

[0063] The temperature of the NOx absorbent rises 
25 with the rise in the temperature of the engine cooling 
water. Therefore, if the temperature of the engine cool- 
ing water (e.g., 70°C) is actually measured in advance 
at the time when the NOx absorbent is heated up to its 
activating temperature (e.g., about 250*C) after the cold 
30 start of the engine, it is possible to judge that the NOx 
absorbent is activated when the temperature of the en- 
gine cooling water has reached the above-mentioned 
temperature as measured by the cooling water temper- 
ature sensor 27 after the start of the engine. 

35 

(D Judging method based on the exhaust gas 
temperature. 

• [0064] In this embodiment, the exhaust gas tempera- 
40 ture sensor 26 is installed on the downstream side of 
the NOx absorbent 18 and detects the temperature of 
the exhaust gas after it has passed through the NOx ab- 
sorbent 1 8. Therefore, the exhaust gas temperature de- 
tected by the exhaust gas temperature sensor is nearly 
45 equal to the temperature of the NOx absorbent 1 8 itself. 
It can, therefore, be judged that the NOx absorbent has 
reached Its activating temperature when the tempera- 
ture detected by the exhaust gas temperature sensor 
26 has reached a predetermined temperature (e.g., ac- 
50 tivating temperature of the NOx absorbent). 

® Judging method based on the integrated value of the 
quantity of heat of the exhaust gas passing through the 
NOx absorbent. 

55 

[0065] The temperature of the NOx absorbent after 
the start rises in proportion to the heat given to the NOx 
absorbent, i.e., in proportion to the Integrated value of 



9 



17 EPO! 

the quantity of heat of the exhaust gas that has passed 
through the NOx absorbent after the start. On the other 
hand , the quantity of heat possessed by the exhaust gas 
is proportional to, for example, the amount of fuel sup- 
plied to the engine or the amount of the air taken in by 
the engine. Therefore, the amount of fuel injection may 
be integrated from the start of the engine or the amount 
of the air taken in by the engine may be integrated from 
the start of the engine, and when either Integrated value 
has reached a predetermined value, it can be judged 
that the NOx absorbent has reached its activating tem- 
perature. The value for judging the integrated value is 
set to a value that corresponds to the activating temper- 
ature obtained by really measuring the temperature of 
the NOx absorbent in advance. 

® Judging method based on the concentrations of 
particular components in the exhaust gas at the inletand 
outlet of the NOx absorbent. 

[0066] Whether the temperature of the NOx absorb- 
ent has reached its activating temperature, i.e., whether 
the NOx absorbent is activated, can be judged even 
based on the concentrations of particular components 
(HO, CO and NOx components) in the exhaust gas at 
the inlet and outlet of the NOx absorbent. As explained 
with reference to Fig. 4, the NOx absorbent, under a rich 
air-fuel ratio condition, reduces NOx in the exhaust gas 
flowing In and NOx released from the absorbent upon 
consuming the HO and CO components in the exhaust 
gas. When the NOx absorbent has not been activated, 
however, the HC, CO and NOx components in the ex- 
haust gas flowing in are not reacted In the NOx absorb- 
ent but simply pass through the NOx absorbent. In a 
state where the NOx absorbent has not been activated, 
therefore, the concentrations of HC, CO and NOx com- 
ponents at the outlet of the NOx absorbent become 
equal to the concentrations of HC, CO and NOx com- 
ponents at the inlet of the NOx absorbent. As the NOx 
absorbent is activated, however, the HC and CO com- 
ponents in the exhaust gas flowing in react with the NOx 
component. Hence, the concentrations of the HC, CO 
and NOx components at the outlet of the NOx absorbent 
become lower than the concentrations at the inlet. 
Therefore, it may be so judged that the NOx absorbent 
is activated when the ratio of the concentrations of the 
above-mentioned components at the outlet of the NOx 
absorbent to the concentration of the above-mentioned 
components at the inlet has decreased down to a pre- 
determined value (e.g., about 50%), In this embodiment, 
the exhaust gas component sensors 24 and 25 have 
been arranged on the upstream side and on the down- 
stream side of the NOx absorbent 1 8. When the HC sen- 
sors are used as the exhaust gas component sensors 
24, 25, therefore, the concentrations of HC and CO com- 
ponents in the exhaust gas may be detected and when 
the NOx sensors are used, the concentration of NOx 
component may be detected, in order to judge whether 
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the NOx absorbent 18 is activated. 
[0067] At step 11 05 in Fig. 11 , any one, or two or more 
methods among the above-mentioned methods® to 
® are used in combination to judge whether the tem- 
5 perature of the NOx absorbent has reached its activat- 
ing temperature. 

[0068] Next, described below is a method of judging, 
at step 1 1 07, whether the releasing of NOx from the NOx 
absorbent is completed. 
10 [0069] Whether NOx is almost all released from the 
NOx absorbent and whether the releasing of NOx is 
completed, can be judged based, for example, on the 
following method. 

IS 1 ) Judging method based on whether a predetennined 
period of time has passed. 

[0070] In this embodiment as described eariier, a 
maximum amount of NOx held by the NOx absorbent 

20 1 8 at the start of the engine is the amount of NOx cor- 
responding to a value CRq of the NOx holding amount 
counter. In the practical operation, therefore, NOx can 
be necessarily released almost all from the NOx absorb- 
ent if the regenerating operation of the NOx absorbent 

25 is executed for a period of time long enough for releasing 
NOx of an amount corresponding to the counter value 
CRq from the NOx absorbent. Therefore, the time Tq re- 
quired for releasing the whole amount of NOx from the 
NOx absorbent when it held NOx in an amount corre- 

30 spending to the counter value CRq is measured in ad- 
vance and when the regenerating operation is executed 
at an air-fuel ratio corresponding to the fuel increment 
factor FNOX, and it is judged that NOx is all released 
from the NOx absorbent when the passage of time after 

35 the start of the regenerating operation has reached the 
time Tq- 

2) Judging method based on the oxygen concentrations 
in the exhaust gas at the inlet and outlet of the NOx 
40 absorbent. 

[0071] During the regenerating operation of the NOx 
absorbent, the air-fuel ratio of the exhaust gas flowing 
into the NOx absorbent is rendered to be rich to a large 

45 extent (e.g., air-fuel ratio of about 12) and, hence, the 
oxygen concentration in the exhaust gas assumes a 
very small value at the inlet of the NOx absorbent Dur- 
ing the regenerating operation, however, NOx released 
from the NOx absorbent is reduced with the HC and CO 

50 components in the exhaust gas forming O2 on the NOx 
absorbent. Accordingly, the oxygen concentration in the 
exhaust gas at the outlet of the NOx absorbent becomes 
higher than the oxygen concentration in the exhaust gas 
at the inlet thereof. On the other hand, when NOx is all 

55 released from the NOx absorbent, there takes place no 
reduction reaction of NOx on the NOx absorbent, and 
O2 is not formed any longer. After NOx is all released 
from the NOx absorbent, therefore, the oxygen concen- 
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tration In the exhaust gas at the outlet of the NOx ab- 
sorbent decreases down to the oxygen concentration at 
the inlet thereof. During the regenerating operation of 
the NOx absorbent, therefore, the oxygen concentration 
in the exhaust gas is monitored at the outlet of the NOx 5 
absorbent, and it is judged that the releasing of NOx 
from the NOx absorbent is completed when the oxygen 
concentration has decreased down to become equal to 
the oxygen concentration in the exhaust gas at the inlet 
of the NOx absorbent. This judging method can be car- io 
ried out when the oxygen concentration sensors are 
used as the exhaust gas component sensors 24 and 25. 

3) Judging method based on the amount of NOx 
absorbed by the NOx absorbent of when the engine Is is 
stopped in the previous time. 

[0072] As described earlier, NOx may be released 
from the NOx absorbent while the engine is halting, and 
the amount of NOx is not necessarily in agreement with 20 
the amount of NOx held when the engine was stopped 
in the previous time. However, the amount of NOx held 
by the NOx absortaent never increases while the engine 
Is halting. If the regenerating operation Is executed for 
a period of time long enough for releasing all NOx held 25 
by the NOx absorbent when the engine was stopped in 
the previous time, therefore, NOx can be reliably re- 
leased in all amounts from the NOx absorbent. Accord- 
ingly, the time for executing the regenerating operation 
may be set based on the amount of NOx absorbed by 30 
the NOx absoriDent when the engine was stopped in the 
previous time, and it may be judged that NOx is all re- 
leased from the NOx absoriDent when the above-noted 
time has elapsed. In this case, the value of the NOx hold- 
ing amount counter OR when the engine was stopped 35 
in the previous time stored In the back-up RAM 29 In the 
control circuit 30 is read out at step 11 07 in Fig. 11 , and 
the time for executing the regenerating operation is set 
based on the value OR. The time for executing the re- 
generating operation may be stored in the ROM 32 of 40 
the control circuit 30 by measuring, in advance, the time 
required forthe regenerating operation while varying the 
amount of NOx (counter value OR) absorbed by the NOx 
absorbent. In the above-mentioned method 1), a maxi- 
mum time necessary for releasing NOx from the NOx ^5 
absorbent was set, and it was judged that the releasing 
of NOx was completed when the maximum time has 
elapsed after the start of the regenerating operation. In 
practice, the amount of NOx absorbed by the NOx ab- 
soriaent is not always a maximum amount at the start of so 
the engine, and the regenerating operation may be often 
continued for longer than a required time. According to 
this judging method, however, the time for executing the 
regenerating operation Is set based on the amount of 
NOx actually absorbed by the NOx absorbent, and the ss 
regenerating operation is not executed for longer than 
a required time, offering an advantage of suppressing 
an Increase in the fuel consumption. 



[0073] Next, described below is another emjDodiment 
of the present invention . 

[0074] In the above-mentioned first embodiment, 
when the amount of NOx absortaed by the NOx absorb- 
ent has increased to some extent during the nonnal op- 
eration of the engine (I.e., during the operation at a lean 
air-fuel ratio), the engine air-fuel ratio was controlled to 
acquire a rich air-fuel ratio for a predetermined period 
in order to regenerate the NOx absorbent and, hence, 
to prevent the NOx absorbent from being saturated with 
NOx. That is, in the above-mentioned first embodiment, 
the regenerating operation of the NOx absorbent was 
executed every time when the amount (OR) of NOx ab- 
sortDed by the NOx absortent has reached about 70 to 
80% of the maximum NOx holding capacity (saturation 
amount) of the NOx absorbent as described with refer- 
ence to Fig. 8. However, when the NOx absorbent is re- 
generated by rendering the engine air-fuel ratio to be a 
rich air-fuel ratio during the nonnal operation (during the 
operation at a lean air-fuel ratio), the fuel consumption 
of the engine increases and the output torque of the en- 
gine undergoes a change accompanying a change in 
the air-fuel ratio. In the embodiment described below, 
therefore, the NOx absoriaent having a large maximum 
NOx holding capacity is used in order to lower the fre- 
quency for executing the regenerating operation during 
the normal operation (a lean air-fuel ratio operation) of 
the engine (or In order not to execute the regenerating 
operation during the nonnal operation) to prevent the 
fuel consumption from being increased and to prevent 
a change in the output torque. 
[0075] First, described below is a means for increas- 
ing the maximum NOx holding capacity (saturation 
amount) of the NOx absorbent. 
[0076] The following methods can be exemplified for 
Increasing the saturation amount of the NOx absoriDent. 

© To increase the capacity (volume) of the NOx 
absoriDent. 

[0077] When the NOx holding amount per a unit vol- 
ume remains the same, a maximum NOx holding capac- 
ity increases in proportion to the volume of the NOx ab- 
sorbent. 

@ To change the composition of the absorbent Into the 
one capable of holding NOx In large amounts. 

[0078] In the description related to Fig. 4, barium ox- 
ide BaO was used as a NOx absorbing material (here- 
inafter referred to as- "absorbing material") for the NOx 
absorbent. It has been known that an absorbing material 
having strong basic property makes it possible to In- 
crease the NOx holding capacity per a unit volume of 
the NOx absorbent. By using an alkali metal having a 
strong basic property, such as potassium K or cesium 
Cs instead of barium Ba, therefore, it is allowed to in- 
crease the maximum NOx holding capacity of the NOx 
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absorbent while maintaining the volume of the NOx ab- 
sorbent the same. 

(D To dispose a three-way catalyst on the upstream side 
of the NOx absorbent. 5 

[0079] The HC component existing in large amounts 
in the exhaust gas may adhere onto the NOx absorbent 
to decrease its NOx absorbing capacity. Therefore, the 
NOx holding capacity of the NOx absorbent can be in- io 
creased (drop in the holding capacity can be prevented) 
even by preventing the HC component from arriving in 
large amounts at the NOx absorbent by disposing the 
three-way catalyst In the exhaust passage on the up- 
stream side of the NOx absorbent. The three-way cata- 
lyst oxidizes NO in the exhaust gas under the condition 
of a lean air-fuel ratio to fomri NO2. As described with 
reference to Fig. 4, on the other hand, NO is once oxi- 
dized to NO2 on the NOx absorbent, and NO2 is further 
oxidized to form nitric acid ions to absorb NOx. There- 20 
fore, the three-way catalyst is disposed on the upstream 
side of the NOx absorbent and NOx is supplied in the 
fomi of NO2 to the NOx absorbent, so that the absorp- 
tion of NOx by the NOx absoriDent is promoted. 

25 

@ To adjust the exhaust gas temperature at the inlet of 
the NOx absorbent to lie within a particular range. 

[0080] A maximum NOx amount that can be held by 
the NOx absorbent varies based on the temperature of <. 30 
the NOx absorbent. In a region where the temperature 
of the NOx absorbent is low, for example, the maximum 
NOx holding amount of the NOx absoriDent increases 
with an increase in the temperature. When a given tem- 
perature region (maximum holding amount temperature 3$ 
region) is exceeded, however, NOx held in the absori^- 
ent in the form of a nitrate is released due to the thennal 
decomposition, and the maximum NOx holding capacity 
decreases. Therefore, the maximum NOx holding ca- 
pacity of the NOx absorbent can be increased even by 40 
disposing the NOx absorbent in the exhaust passage 
where the temperature of the exhaust gas flowing into 
the NOx absorbent lies in the maximum holding amount 
temperature region during he nonnal operation of the 
engine. It is also possible to install cooling fins or a jacl<et ^5 
for cooling water in the exhaust passage in order to pos- 
itively adjust the temperature of the NOx absorbent. 
[0081] In a second embodiment and a third embodi- 
ment described below, any one method or two or more 
methods among the above-mentioned methods are em- so 
ployed to use the NOx absortDent having an increased 
maximum NOx holding capacity. In the following embod- 
iments, the constitution of the whole device Is the same 
as that of Fig. 1 . 

55 

(2) Second embodiment. 

[0082] In this embodiment, the regenerating opera- 
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tion (Fig. 8) based on the amount of NOx absorbed by 
the NOx absorbent is not executed the regenerating op- 
eration of Fig. 1 1 is executed when the engine is started 
in order to release almost all NOx absorbed by the NOx 
absorbent and to purify it by reduction. Under the oper- 
ating condition where a high engine output is required 
such as during the acceleration operation or the high- 
load operation of the engine, however, the engine is op- 
erated at a rich air-fuel ratio, the exhaust gas of a rich 
air-fuel ratio is supplied to the NOx absorbent in order 
to regenerate the NOx absorbent. 
[0083] In this embodiment, too, the fuel injection 
amount correction factor Kt of the engine 1 is set based 
on the engine intake air amount Q and the rotational 
speed N based on the map of Fig. 2. In the operation 
region where an engine output is required such as dur- 
ing the acceleration operation or the high-load operation 
of the engine, however, the value Kt is set to be Kt ^ 
1.0 (stoichiometric air-fuel ratio or rich air-fuel ratio) in 
this embodiment. Fig. 12 is a graph illustrating how to 
set the value Kt in this embodiment. As shown in Fig. 
12, the value Kt Is set to Kt > 1 .0 (rich) in a region where 
the load (Q/N) is large to maintain the engine output. 
[0084] In this embodiment, therefore, when the en- 
gine is operated at a rich air-fuel ratio during the accel- 
eration operation orthe high-load operation , the exhaust 
gas of a rich air-fuel ratio flows into the NOx absorbent, 
and the absori^ed NOx is released from the NOx absorb- 
ent and is purified by reduction. 
[0085] In this embodiment, as described above, the 
regenerating operation of the NOx absorbent is execut- 
ed only when the engine is under a particular operating 
condition. Therefore, the frequency for executing the re- 
generating operation of the NOx absorbent greatly var- 
ies in accordance with the engine operating conditions. 
In this embodiment as described above, a maximum 
NOx holding capacity of the NOx absorioent is set to be 
larger than that of the first embodiment, and the NOx 
absorbent is not saturated even when the operation at 
a very rich air-fuel ratio is executed less frequently. Upon 
setting the maximum NOx holding capacity of the NOx 
absorbent to be large, as described above, the engine 
is operated at a rich air-fuel ratio only when the driver 
requests a high engine output. The operation at a rich 
air-fuel ratio which is not expected by the driver, does 
not take place (i.e., there does not take place an oper- 
ation at a rich air-fuel ratio that was executed in the first 
embodiment relying on the amount of NOx absoriaed by 
the NOx absorbent). This prevents the occurrence of a 
change in the engine output that is not expected by the 
driver, and the drivabillty of the vehicle is not worsened. 
[0086] In this embodiment, the value Kt during the ac- 
celeration operation orthe high-load operation of the en- 
gine is set to the side slightly more rich than a value 
detennined from the request for the engine output (e.g., 
set to an air-fuel ratio of about 12). Therefore, the NOx 
absorbent is regenerated to a sufficient degree even 
during the acceleration operation or the high-load oper- 
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ation of the engine for a relatively short period of time. 
In this embodiment, further, if the maximum NOx holding 
capacity of the NOx absorbent is set to a sufficiently 
large value, the NOx absorbent is not saturated during 
the operation even if the NOx is not released in whole 
amounts from the NOx absorbent during the rich air-fuel 
ratio operation such as during the acceleration opera- 
tion or during the high-load operation of the engine. It is 
therefore possible to set the value Kt during the accel- 
eration operation or the high-load operation of the en- 
gine to a relatively smalt value detennined from the re- 
quest for the engine output, so that the absorbed NOx 
is only partly released. In this case, the NOx absorbent 
is regenerated in an additional manner during the accel- 
eration operation or the high-load operation of the en- 
gine in contrast with the regenerating operation for the 
NOx absorbent at the start of the engine. 

(3) Third embodiment. 

[0087] In this embodiment, too, the operation of Fig. 
1 1 is executed at the start of the engine to release almost 
all of the absorbed NOx from the NOx absorbent. In this 
embodiment, however, the operation at a rich air-fuel ra- 
tio is not executed even during the acceleration opera- 
tion or the high-load operation of the engine, and the 
fuel injection amount correction factor Kt is set to be Kt 
^ 1 .0 in all operating region. That is. the NOx absorbent 
Is regenerated at the start of the engine only and Is not 
regenerated during the nonnal operation. In this embod- 
iment, the maximum NOx holding capacity of the NOx 
absorbent is set to be greater than that of the second 
embodiment so as to absorb and hold the whole amount 
of NOx emitted during the operation of the engine. Ac- 
cordingly, the regenerating operation of Fig. 8 is not ex- 
ecuted during the nomrial operation of the engine (during 
the operation at a lean air-fuel ratio). This prevents a 
change in the engine output caused by a change in the 
air-fuel ratio and completely suppresses an Increase in 
the fuel consumption. 

[0088] In the second and third embodiments, too, the 
amount OR of NOx absorbed by the NOx absorbent may 
be estimated through the operation of Fig. 7 and the val- 
ue OR may be stored in the back-up RAM, in order to 
change the time for executing the rich air-fuel ratio op- 
eration at the start of the engine relying on the absorbed 
amount of NOx of when the engine was stopped in the 
previous time. 

[0089] According to the present invention as de- 
scribed above, it is allowed to prevent unpurified NOx 
being released from the NOx absorbent at the start of 
the engine, and the exhaust gas can be efficiently puri- 
fied by utilizing the NOx absori^ing ability (absorbing ca- 
pacity) of the NOx absorbent to the maximum degree. 
When the NOx absorbent having a large NOx absorbing 
capacity is used, therefore, the exhaust gas can be pu- 
rified to a sufficient degree even without executing the 
operation at a rich air-fuel ratio for regenerating the NOx 



absorbent during the operation of the engine.. 
Claims 

5 

1. An exhaust gas purification device for an internal 
combustion engine, comprising: 

a NOx absorisent disposed in an exhaust pas- 
10 sage of the internal combustion engine, said 

NOx absort^ent absorbs NOx in the exhaust 
gas when the air-fuel ratio of the exhaust gas 
flowing in is lean, and releases the absorbed 
NOx and purifies it by reduction in a rich air-fuel 
IS ratio atmosphere; and 

a NOx-releasing means which, after the start of 
the engine, operates the engine at a predeter- 
mined rich air-fuel ratio by increasing the 
amount of fuel supplied to the engine, so that 
20 NOx absorbed by said NOx absortDent is re- 

leased and is purified by reduction until the en- 
gine is first operated at a lean air-fuel ratio after 
the engine is started. 

25 2. An exhaust gas purification device for an internal 
combustion engine-according to claim 1 , wherein 
said NOx releasing means Increases the amount of 
fuel supply after said NOx absorisent is heated up 
to its activating temperature. 

30 

3. An exhaust gas purification device for an Internal 
combustion engine according to claim 1 , wherein 
said NOx releasing means includes a means for es- 
timating and storing the amount of NOx absorbed 

35 by said NOx absorbent when the engine was last 
stopped, and a varying means for varying the period 
in which the fuel is supplied in an increased amount 
to the engine based on the absoriaed amount of NOx 
that Is estimated and stored. 

40 

4. An exhaust gas purification device for an internal 
combustion engine according to claim 3, wherein 
said NOx releasing means increases the amount of 
fuel supply after said NOx absoriaent is heated up 

"^5 to its activating temperature. 

5. An exhaust gas purification device for an internal 
combustion engine according to claim 1, further 
comprising a regenerating means which, when pre- 

50 determined conditions are established while the en- 
gine is in operation at a lean air-fuel ratio, executes 
the regenerating operation by exposing said NOx 
absorisentto a rich air-fuel ratio atmosphere, so that 
the absorbed NOx is released from said NOx ab- 

55 sortDent and is purified by reduction. 

6. An exhaust gas purification device for an internal 
combustion engine according to claim 5, wherein 
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said regenerating means executes the regenerat- 
ing operation during the acceleration operation or 
the high-load operation of the engine. 

7. An exhaust gas purification device for an internal 5 
combustion engine according to claim 6, wherein 
said NOx releasing means increases the amount of 
fuel supply after said NOx absorbent is heated up 

to its activating temperature. 

8. An exhaust gas purification device for an internal 
combustion engine according to claim 5, wherein 
said regenerating means includes an estimation 
means for estimating the amount of NOx absorbed 

by said NOx absorbent during the operation of the is 
engine, and executes the regenerating operation 
when the estimated amount of NOx absorbed by 
said NOx absorbent has reached a predetemiined 
value during the operation of the engine at a lean 
air-fuel ratio. 20 

9. An exhaust gas purification device for an internal 
combustion engine according to claim 8, wherein 
said NOx releasing means includes a varying 
means for varying the period in which the fuel is sup- 25 
plied in an increased amount to the engine based 

on the absorbed amount of NOx when the engine 
was last stopped, that Is estimated by said estimat- 
ing means. 

30 

10. An exhaust gas purification device for an internal 
combustion engine according to claim 9, wherein 
said NOx releasing means increases the amount of 
fuel supply after said NOx absorbent is heated up 

to its activating temperature. 35 

11. An exhaust gas purification device for an internal 
combustion engine according to claim 5, wherein 
said NOx releasing means increases the amount of 
fuel supply after said NOx absorbent is heated up 40 
to its activating temperature. 

12. An exhaust gas purification device for an internal 
combustion engine according to claim 1 , wherein 
said NOx releasing means includes a means for es- -^5 
timating and storing the amount of NOx absorbed 

by said NOx absorbent when the engine was last 
stopped, and a varying means for varying the period 
in which the fuel is supplied in an increased amount 
to the engine based on the absorbed amount of NOx so 
that is estimated and stored. 

13. An exhaust gas purification device for an internal 
combustion engine according to claim 12, wherein 
said NOx releasing means increases the amount of ss 
fuel supply after said NOx absorbent is heated up 

to its activating temperature. 
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Patentansprtiche 

1. Eine Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschlne, folgendes aufweisend: 

- ein in einer Abgaspassage der Verbrennungs- 
kraftmaschine angeordnetes NOx-Absorpti- 
onsmittel, wobei das NOx-Absorptionsmittel 
NOx in dem Abgas absorbiert, wenn das Luft- 
Treibstoff-Verhaltnis des einstromenden Abga- 
ses mager ist, und das absorbierte NOx freigibt 
und es durch Ruckfuhrung In eine Atmosphare 
mitfettem Luft-Treibstoff-Verhaltnis reinigt; und 
eine NOx-Freigabeeinrichtung, welche nach 
dem Start der Maschine die Maschine bei ei- 
nem vorbestimmten fetten Luft-Treibstoff-Ver- 
haltnis durch Steigerung der der Maschine zu- 
gefiihrten Treibstoffmenge betreibt, so dass 
das mittels des NOx-Absorptionsmittels absor- 
bierte NOx freigegeben wird und es durch 
Ruckfuhrung gereinigt wird bis die Maschine 
zuerst, nachdem die Maschine gestartet wur- 
de, bei einem mageren Luft-Treibstoff-Verhalt- 
nis betrieben wird. 

2. Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschine gemaB Anspruch 1 , wobei die 
NOx-Freigabeeinrichtung die Treibstoffzufuhrmen- 
ge steigert, nachdem das NOx-absorptionsmlttel 
auf seine Aktivierungstemperatur erhltzt worden ist. 

3. Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschine gemaB Anspruch 1 , wobei die 
NOx-Freigabeeinrichtung eine Einrichtung zum Ab- 
schatzen und Speichern der Menge des durch das 
NOx-Absprptionsmittel absorbierten NOx, wenn die 
Maschine zuletzt gestoppt wurde, und eine Ab- 
wandlungseinrichtung aufweist zum Abwandein 
des Zeitabschnittes, in welch em der Treibstoff in ei- 
ner gesteigerten Menge der Maschine zugefuhrt 
wird, basierend auf die absorbierte Menge des 
NOx, die abgeschdtzt und gesperchert wird. 

4. Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschine gemaB Anspruch 3, wobei die 
NOx-Freigabeelnrtchtung die Treibstoff zufuhmrien- 
ge steigert nachdem das NOx-Absorptionsmittel 
auf seine Aktivierungstemperatur erhltzt worden ist. 

5. Abgasreinigungsvorrichtung fur eine Verbren- - 
nungskraftmaschine gemaB Anspruch 1 , ferner ei- 
ne Regenerierungseinrichtung aufweisend, welche 
die Regeneriemngsoperatlon durch Aussetzen des 
NOx-Absorptionsmittel einer Atmosphare mit fet- 
tem Luft-Treibstoff-Verhaltnis ausfuhrt, so dass das 
absorbierte NOx aus dem NOx-Absorptionsmittel 
freigegeben wird, und es durch Ruckfuhrung gerei- 
nigt wird, wenn vorbestimmte Konditionen errichtet 
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sind, wahrend die Maschlne bei einem mageren 
Luft-Treibstoff-Verhaltnis betrieben wird. 

6. Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschme gema3 Anspruch 5, wobei die 
Regenerierungseinrichtung die Regenerlemngs- 
operation wahrend der Beschleunigungsbetriebs* 
weise oder der Hochlastbetrtebsweise der Maschi- 
ne ausfuhrt. 

7. Abgasreinigungsvorrichtung fur eine Verbren- 
nungsl<raftmaschine gema3 Anspruch 6, wobei die 
NOx-Freigabeeinrichtung die Treibstoffzufuhrmen- 
ge steigert, nachdem das NOx-Absorptionsmittel 
auf seine Ai<tlvierungstemperatur erhitzt worden ist. 

8. Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschine gemafB Anspruch 5, wobei die 
Regenerierungseinrichtung eine Abschatzeinrich- 
tung aufweist zum Abschatzen der Menge des 
durch das NOx-Absorptionsmittel absorbierten 
NOx wahrend des Betriebs der Maschine, und die 
Regenerierungsoperation ausfuhrt, wenn die abge- 
schatzte Menge des mittels des NOx-Absorptions- 
mittels absorbierten NOx einen vorbestimmten 
Wert wahrend des Betriebs der Maschine bei einem 
mageren Luft-Treibstoff-Verhaltnis erreicht hat. 

9. Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschine gemaB Anspruch 8, wobei die 
NOx-Freigabeeinrichtung eine Abwandlungsein- 
richtung aufweist zum Abwandein des Zeitabschnit- 
tes, in welchem der Treibstoff in einer gesteigerten 
Menge der Maschine zugefuhrt wird, basierend auf 
der absorbierten Menge des NOx, wenn die Ma- 
schine zuletzt gestoppt wurde, was mittels der Ab- 
schatzelnrlchtung abgeschatzt wird. 

10. Abgasreinigungsvorrichtung fur eine Vertren- 
nungskraftmaschine gemaB Anspruch 9, wobei die 
NOx-Freigabeeinrichtung die Treibstoff zufuhrmen- 
■ge steigert, nachdem das NOx-Absorptionsmittel 
auf seine Aktivlerungstemperatur erhitzt worden ist. 

11. Abgasreinigungsvorrichtung fur eine Verbren- 
nungskraftmaschine gemaB Anspnjch 5, wobei die 
NOx-Freigabeeinrichtung die Treibstoff zufuhmien- 
ge steigert, nachdem das NOx-Absorptionsmitte! 
auf seine Aktivlerungstemperatur erhitzt worden ist. 

12. Abgasreinigungsvorrichtung fur eine Vert)ren- 
nungskraftmaschine gemaB Anspruch 1 , wobei die 
NOx-Frelgabeelnrichtung eine Einrichtung zum Ab- 
schatzen und Speichern der Menge des mittels des 
NOx-Absorptionsmitteis absorbierten NOx, wenn 
die Maschine zuletzt gestoppt wurde, und eine Ab- 
wandlungseinrichtung aufweist zum Abwandein 
des Zeitabschnitts, in welchem der Treibstoff in ei- 



ner gesteigerten Menge der Maschine zugefuhrt 
wird, basierend auf der absorbierten Menge des 
NOx, die abgeschatzt und gespeichert wird. 

5 13. Abgasreinigungsvorrichtung fiir eine Verbren- 
nungskraftmaschine gemaB Anspnjch 12, wobei 
die NOx-Frelgabeeinrlchtung die Treibstoff zufuhr- 
menge steigert, nachdem das NOx-Absorptionsmit- 
tel auf seine Aktivlerungstemperatur erhitzt worden 

10 1st. 



Revendications 

'5 1. Dispositif d'epuration de gaz d'6chappement pour 
un moteur a combustion interne, comprenant : 

un absoriDant de NOx dispos6 dans un passage 
d'echappement du moteur k combustion inter- 
20 ne, ledit absorbant de NOx absorbe le NOx 

dans le gaz d'echappement lorsque le rapport 
air-carburant du gaz d'6chappement sV 6cou- 
lant est pauvre, et iib&re le NOx absort^e et le 
purifie par reduction dans une atmosphere de 
25 rapport air-cariDurant riche ; et 

un moyen de liberation de NOx qui, aprds le de- 
marrage du moteur, met en oeuvre le moteur a 
un rapport alr-carburant riche pr6d6tennin6 en 
30 augmentant la quantite de cartDurant delivre au 

moteur, de sorte que le NOx absorbe par ledit 
absoriDant de NOx soit libera et soit epur6 par 
reduction jusqu'^ ce que le moteur soit tout 
d'abord mis en oeuvre a un rapport air-carisu- 
35 rant pauvre apr^s que le moteur est demarr6. 

2. Dispositif d'6puration de gaz d'echappement pour 
un moteur^ combustion interne selon la revendica- 
tion 1 , dans lequei ledit moyen de liberation de NOx 

40 augmente la quantite de I'alimentation en carburant 
apres que ledit absorbant de NOx est chauffe jus- 
qu'a sa temperature d'activatlon. 

3. Dispositif d'6puration de gaz d'echappement pour 
45 un moteur a combustion interne selon la revendica- 

tlon 1 , dans lequei ledit moyen de liberation de NOx 
inclut un moyen destind h estimer et m^moriser la 
quantite de NOx absorise par ledit absorisant de 
NOx lorsque le moteur a ete arrete la derniere fois, 
50 et un moyen de variation destine ^ faire varler la 
periode pendant laquelie le carburant est delivre en 
une quantite accrue au moteur sur la base de la 
quantite absoriD^e de NOx qui est estimee et me- 
moris^e. 

55 

4. Dispositif d'epuration de gaz d'echappement pour 
un moteur a combustion interne selon la revendica- 
tion 3, dans lequei ledit moyen de liberation de NOx 
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augmente ta quantity d'alimentation en carburant 
apr^s que iedit absorbant de NOx a 4te chauffe jus- 
qu'a sa temperature d'activation. 

5. Dispositif d'epuration de gaz d'echappement pour s 
un moteur ^combustion interne seion la revendica- 
ticn 1 , comprenant, en outre, un moyen de regene- 
ration qui, lorsque des conditions predetennin6es 
sont etablies alors que le moteur est en fonctlonne- 
ment a un rapport air-carburant pauvre, execute io 
I'operation de regeneration en exposant Iedit absor- 
bant de NOx a une atmosphere de rapport air-car- 
burant rlche, de sorte que le NOx absorbe soit libere 
dudit absorbant de NOx et soit epure par reduction. 

15 

6. Dispositif d'epuration de gaz d'echappement pour 
un moteur ^ combustion Inteme seion la revendica- 
tion 5, dans leque! Iedit moyen de regeneration exe- 
cute I'operation de regeneration pendant I'operation 

d' acceleration ou I'operation k charge eievee du 20 
moteur. 

7. Dispositif d'epuration de gaz d'echappement pour 
un moteur & combustion Inteme seion la revendlca- 
tion 6, dans lequel Iedit moyen de liberation de NOx 25 
augmente la quantite d'alimentation en carburant 
apres que Iedit absorbant de NOx a ete chauffe jus- 
qu'a sa temperature d'activation. 



11. Dispositif d'epuration de gaz d'echappement pour 
un moteur a combustion Interne seion la revendlca- 
tion 5, dans lequel Iedit moyen de liberation de NOx 
augmente ia quantite d'alimentation en carburant 
apres que Iedit absorbant de NOx a ete chauffe jus- 
qu'a sa temperature d'activation. 

12. Dispositif d'epuration de gaz d'echappement pour 
un moteur a combustion interne seion la revendica- 
tion 1 , dans- lequel ledit moyen de liberation de NOx 
inclut un moyen destine k estlmer et memorlser la 
quantite de NOx absorbe par Iedit absorbant de 
NOx lorsque le moteur a ete arrete la derniere fois, 
et un moyen de variation destine ^ faire varier la 
periode pendant laquelle le carburant est deiivre en 
une quantite accrue au moteur sur la base de.ia 
quantite absorbee de NOx qui est estimee et me- 
morlsee. 

13. Dispositif d'epuration de gaz d'echappement pour 
un moteur a combustion Interne seion la revendica- 
tion 1 2, dans lequel Iedit moyen de liberation de 
NOx augmente la quantite d'alimentation en carbu- 
rant apres que ledit absorbant de NOx a ete chauffe 
jusqu'^ sa temperature d'activation. 



8. Dispositif d'epuration de gaz d'echappement pour 30 
un moteur & combustion interne seion la revendica- 
tion 5, dans lequel ledit moyen de regeneration in- 
clut un moyen d'estimation destine k estimer la 
quantite de NOx absorbe par ledit absorbant de 
NOx pendant le fonctionnement du moteur, et exe- 35 
cute I'operation de regeneration lorsque la quantite 
estimee de NOx absorbe par ledit absorbant de 
NOx a atteint une valeur predeterminee pendant le 
fonctionnement du moteur k un rapport air-carbu- 
rant pauvre. 40 



9. Dispositif d'epuration de gaz d'echappement pour 
un moteur ^ combustion inteme seion la revendica- 

tion 8, dans lequel ledit moyen de liberation de NOx 
inclut un moyen de variation destine k faire. varier ^5 
la periode pendant laquelle le carburant est deiivre 
en une quantite accrue au moteur sur ia base de la 
quantite absorbee de NOx lorsque le moteur a ete 
arrete la derniere fois, qui est estimee par ledit 
moyen d'estimation. so 



10. Dispositif d'epuration de gaz d'echappement pour 
un moteur & combustion interne seion la revendica- 
tion 9, dans lequel ledit moyen de liberation de NOx 
augmente la quantite d'alimentation en carburant 55 
apres que ledit absorbant de NOx a ete chauffe jus- 
qu'a sa temperature d'activation. 
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